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(54) Magnetic field sensing device and method for fabricating thereof 



(57) Disclosed is a magnetic field sensor of high 
sensitivity, and which is power-saving and can be man- 
ufactured with low cost in a very small size. The mag- 
netic field sensor includes a soft magnetic core (40) 
formed to construct a closed-magnetic circuit on a sem- 
iconductor substrate (10), a magnetic field sensing coil 



(20) formed by a metal film in a shape that winds the 
soft magnetic core, and a drive line (50) for exciting the 
soft magnetic core by directly applying an electric cur- 
rent thereto. The drive line is formed in a rectangular 
angle to the magnetic field sensing coil, and connected 
to the both ends of the soft magnetic core in a length 
direction. 
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Description 

[0001] The present invention relates to a sensor for a 
magnetic field, and more specifically, to a magnetic field 
sensor integrated in a semiconductor substrate and a 5 
method for fabricating the same. 
[0002] Existence of magnetic energy has been prov- 
en through various physical phenomena, and a magnet- 
ic field sensor enables a human to indirectly perceive 
magnetic energy, as it is unperceivable to human sense 1Q 
organs such as eyes and ears. As for the magnetic field 
sensor, a magnetic sensor employing a soft magnetic 
material and a coil has been used for a long time. The 
magnetic sensor is made by winding a coil around a rel- 
atively large bar-shaped core or an annular core formed *5 
of a soft magnetic ribbon. Also, an electronic circuit is 
employed to obtain a magnetic field in proportion to the 
measured magnetic field. 

[0003] The conventional magnetic field sensor, how- 
ever, has the following problems. That is, due to the 20 
structure of the conventional magnetic field sensor in 
which the coil is wound around a large bar-shaped core 
or an annular core made of soft magnetic ribbon, pro- 
duction costs are high, and the volume of the overall sys- 
tem is large. 25 
[0004] Also, flux leakage is inevitable in the flux 
change due to the excitation coil and the detected mag- 
netic field. Accordingly, high sensitivity cannot be guar- 
anteed. 

[0005] According to the present invention, there is 30 
provided a magnetic field sensor integrated in a semi- 
conductor substrate, comprising a soft magnetic core 
formed in a semiconductor substrate to construct a 
closed-magnetic circuit, a magnetic field sensing coil 
formed by a metal film in a structure of winding magnetic 35 
core, and a drive line for exciting the soft magnetic core 
by directly applying an electric current thereto. 
[0006] Here, the drive line is preferably formed in a 
rectangular angle to the magnetic field sensing coil and 
connected to both ends of the soft magnetic core in a *o 
length direction. The length direction of the soft magnet- 
ic core is preferably in a magnetic field-sensing axis. 
[0007] In addition, the magnetic field sensing. coil is 
preferably wound in a solenoid pattern. 
[0008] According to another aspect of the present in- 45 
vention, in order to achieve the above objects, there is 
provided a method for fabricating a magnetic field sen- 
sor integrated in a semiconductor substrate, comprising^ 
the steps of forming a pattern on a semiconductor subr 
strate, corresponding to a lower part, of the magnetic, sa 
field sensing coil, and forming the lower part by first- 
putting metal into the pattern, forming a first insulation 
film on the semiconductor substrate where-.the metal is. 
first-put, accumulating a soft magnetic material film on. 
the first insulation film, and forming a.soft magnetic core v 55 
by patterning and etching, forming a second insulation 
film on the semiconductor substrate where the soft mag- 
netic core is formed, forming on the seeojqdnnsulation. 



film a penetrating hole for fluidly communicating with the 
first-put metal forming the lower part, and also forming 
a penetrating hole for fluidly communicating with the soft 
magnetic core, forming a pattern corresponding to an 
upper part and a soft magnetic core terminal of the mag- 
netic field sensing coil on the second insulation film, and 
forming the upper part and the soft magnetic core ter- 
minal by second-putting metal into the pattern, forming 
a protection film on the semiconductor substrate where 
the metal, is second-put, and opening the protection film 
so that the magnetic field sensing coil and the soft mag- 
netic core terminal are connected with electric power. 
[0009] Here, the method for forming of the lower part 
of the magnetic field sensing coil preferably comprises 
the steps of forming an oxide film on the semiconductor 
substrate, forming a conductive film on the oxide film, 
applying a photoresist on the conductive film, forming a 
pattern corresponding to a lower part of the magnetic 
field sensing coil by exposure and development, first- 
putting metal into an upper part of the semiconductor 
substrate such that the metal is filled in the patterned 
area, and removing the photoresist remaining after 
forming the pattern, and the conductive film which is the 
lower part of the remaining photoresist. 
[0010] Additionally, the method for forming the soft 
magnetic core preferably comprises the steps of forming 
a metal film on the first insulation film, applying a pho- 
toresist on the metal film, forming a pattern on the pho- 
toresist, corresponding to the soft magnetic core, by ex- 
posure and development, and removing the metal film 
on the area except for the patterned area, and removing 
the photoresist remaining after forming the pattern. 
[0011] Further, the method for forming an upper part 
of the soft magnetic core preferably comprises the steps 
of forming a conductive film on the second insulation film 
where the penetrating hole is formed, applying a pho- 
toresist on the conductive film, forming a pattern on the 
photoresist, corresponding to an upper part of the mag- 
netic field sensing coil, by exposure and development, 
second-putting metal to fill in the patterned area, and 
removing the photoresist remaining after forming the 
pattern and the conductive under the remaining pho- 
toresist. 

[0012] Here, the soft magnetic core terminal is pref- 
erably formed on both ends of the soft magnetic core in 
a length direction. 

[0013] The present invention thus provides a high 
sensitivity magnetic field sensor integrated in a semi- 
conductor substrate capable of not only reducing man- 
ufacturing cost and overall volume of a system, but also 
detecting a magnetic field with more accuracy. 
[0014] The present invention also provides a method 
for manufacturing such a highly sensitive magnetic field 
sensor integrated in a semiconductor substrate capable 
of not only reducing manufacturing cost and overall vol- 
ume of a system, but also detecting a magnetic field with 
more accuracy. 

[0015} These and other features, aspects, and advan- 
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taqes of the present invention will become better under- 
stood with regard to the following description, appended 
claims, and accompanying drawings where: 

Fig. 1 is a plan view of a magnetic field sensorwhich 
is integrated in a semiconductor substrate accord* 
ing to a preferred embodiment of the present inven- 
tion; 

Fig. 2 is a sectional view of the structure of the mag- 
netic field sensor integrated in a semiconductor 
substrate according to the present invention; 
Fig. 3 is a view for illustrating a magnetic field gen- 
erated on a soft magnetic core by an exciting cur- 
rent in the magnetic field sensor of Fig. 2; and 
Figs. 4A through 4K are sectional views cut along 
l-r line and IMP line of Fig. 1 for respectively show- 
ing processes of fabricating the magnetic field sen- 
sor of Fig. 1 in a semiconductor substrate. 

[0016] Hereinafter, preferred embodiments of a mag- 
netic field sensor integrated in a semiconductor sub- 
strate and a method for fabricating the same according 
to the present invention will be described in detail with 
reference to the accompanying drawings. 
[001 7] Fig. 1 is a plan view of a magnetic field sensor 
which is integrated in a semiconductor substrate ac- 
cording to a preferred embodiment of the present inven- 
tion. Referring to Fig. 1 , the magnetic field sensor com- 
prises a soft magnetic core 40 shaped in a rectangular 
bar, a magnetic field sensing coil 20 winding the soft 
magnetic core 40 in a solenoid pattern, and a drive line 
50 connected to both ends of the soft magnetic core 40. 
The magnetic field sensor according to the present in- 
vention does not use a separate coil to magnetize the 
soft magnetic core 40, but senses an external magnetic 
field using an exciting magnetic field which is generated 
as an electric current is applied directly to the soft mag- 
netic core 40 through the drive line 50. That is, unlike 
the conventional magnetic field sensor, the magnetic 
field sensor according to the present invention does not 
use the exciting coil for generating the exciting magnetic 
field. A reference numeral 20a of Fig. 1 is a coil pad for 
connecting the magnetic filed sensing coil 20 to an ex- 
ternal electric circuit (not shown), and a reference nu- 
meral 50a is a power pad for connecting an external 
electric power (not shown) to the drive line 50 applying 
the electric current to the soft magnetic core 40. 
[0018] In Fig. 2, there is illustrated a sectional struc- 
ture of the magnetic field sensor integrated in the sem- 
iconductor substrate. Referring to Fig. 2, an insulation 
film 1 1 is formed on the semiconductor substrate 1 0, and 
a lower part 22 of the magnetic field sensing coil 20 is 
formed on the insulation film 11 . On an upper part of the 
lower part 22, the soft magnetic core 40 is formed. On 
the upper part of the soft magnetic core 40, an upper 
part 26 of the magnetic field sensing. coil 20 is formed. 
Albeit not shown, the lower part 22 and the upper part 
26 are flu idly communicated, to permit a coil to pass 



therethrough to wind the soft magnetic core 40 in a so- 
lenoid pattern. The soft magnetic core 40 is covered by 
an insulation material 30, and thus is insulated from the 
magnetic field sensing coil 20. Additionally, to the both 

5 ends of the soft magnetic core 40, drive lines 50 are con- 
nected to apply an exciting current to the soft magnetic 
core 40. The drive lines 50 are arranged in a rectangular 
angle as to the respective coils constructing the mag- 
netic field sensing coil 20. 

w [001 9] Hereinafter, the operation of the magnetic field 
sensor integrated in the semiconductor substrate will be 
described. 

[0020] When an electric current is applied through the 
drive line 50, an exciting magnetic field 42 is generated 

15 inside the soft magnetic core 40, as shown in Fig. 3. By 
the exciting magnetic field 42, the soft magnetic core 40 
is magnetized. More specifically, due to a strong dia- 
magnetism, magnetization occurs rarely in a thickness 
direction of the soft magnetic core 40, but usually in the 

20 exciting magnetic field 42 direction on the surface and 
the bottom side of the soft magnetic core 40. Such mag- 
netization direction is in parallel relation to respective 
coils of the magnetic field sensing coil 20 which is wound 
on the soft magnetic core 40 in a solenoid pattern. The 

25 magnetization by the exciting magnetic field 42 on the 
soft magnetic core 40 varies depending on the extent of 
the exciting current flowing to the drive line 50 and the 
waveform thereof. Yet, in the embodiment of the present 
invention, since the magnetization direction of the soft 

30 magnetic core 40 is. parallel to the coil winding direction 
of the magnetic field sensing coil 20, variation of the in- 
duction waveform according to change of the exciting 
current does not occur on the magnetic field sensing coil 
20. Accordingly, when an external magnetic field to 

35 measure is zero, there occurs no induction waveform 
on the magnetic field sensing coil 20. 
[0021] In such state, when an external magnetic field 
operates in a length direction of the soft magnetic core 
40, a voltage is induced on-the magnetic field sensing 

40 coil 20. Accordingly, the external magnetic field can be 
sensed by connecting the voltage to an external electric 
circuit. 

[0022] A magnetic field sensor.of the above structure 
does not need a separate exciting^coi* for magnetizing 

45 a soft magnetic core. Therefore, it is advantageous that 
intervals between coHs can be cut downto.thehatf, com- 
pared with a general conventional magnetic field sensor 
which is wound by a magnetic field sensing coif -and an. 
exciting coH by turns. Further, sincexthe soft magnetic 

50 core 40 functions as the exciting coH, resistance can be 
changed freely by controlling a shape and a thickness 
of the soft magnetic core 40. Accordingly, power con-, 
sumption can be saved by reducing the resistance of 
the soft magnetic core. Therefore, according to the 

55 present invention, the resistance o( the soft magnetic 
core 40 which is the exciting coil can be minimized. In- 
addition, the intervals of the magnetic field sensing coil 
can also be reduced to a degree oitine-width fabrication 
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of the current integrated circuit, thereby providing a 
magnetic field sensor of which the output of power and 
the sensitivity are remarkably increased. 
[0023] Figs. 4A through 4K are sectional views cut 
along l-l' line and ll-ll' line of Fig. 1 for respectively show- 
ing processes of fabricating the magnetic field sensor 
on a semiconductor substrate. In Figs. 4A through 4K, 
the drawings on the left are sections of the magnetic field 
sensor being cut along the l-l* line, and the drawings on 
the right are the sections being cut along the ll-ll' line. 
[0024] Hereinafter, the fabrication process of the 
magnetic field sensor integrated in a semiconductor 
substrate will be described in greater detail with refer- 
ence to the accompanying drawings. 
[0025] First, a pattern according to the lower part 22 
of the magnetic field sensing coil 20 is formed, on a sem- 
iconductor substrate 10, and the lower part 22 is formed 
by primarily inserting metal into the pattern. A preferred 
embodiment of the process of fabricating the lower part 
22 will now be described in detail. 
[0026] An oxide film 11 for insulating is formed on the 
semiconductor substrate 10, and a conductive film 21 is 
formed on the oxide film 11 . The conductive film 21 may 
have a function of applying an electric current later in 
case of plating by an electrolytic plating, as shown in 
Fig.4A. Here, the material for forming the conductive film 
can be Cr or Au which are used in fabricating a general 
semiconductor. 

[0027] On the conductive film 21 , a photoresist 23 is 
applied to form the lower part 22 of the magnetic field 
sensing coil 20, and the pattern of the lower part 22 is 
formed by exposure and development, as shown in Fig. 
4B. 

[0028] Later, the lower part 22 is formed as metal is 
inserted into the depression 24 of the pattern of the low- 
er part 22, as shown in Fig. 4C. At this time, for filling 
the metal in the pattern of the lower part 22, an electro- 
lytic plating is preferably used. Then, the metal is inte- 
grated in the conductive film 21 which is the exposed 
depression 24 of the pattern, and thereby forming the 
lower part 22 of the magnetic field sensing coil 20. When 
the lower part 22 is completed, the photoresist 23 used 
to form the.pattern is removed, and the conductive film 
21 disposed under the photoresist 23 is removed such 
that the respective coils are insulated from each other, 
as shown in. Fig. 4D. 

[0029] Then, a first kisulatiprvfilm 30 is formed on the 
semiconductor substrate. 10 an which the lower part 22 
is formed, as shown in. Fig. 4E. 
[0030] Then, a soft magnetic material film is integrat- 
ed on the first insulation filnrv30, and the soft magnetic 
core 40 is formed by pattern-forming and etching. The 
process ol forming the SQft magnetic core 40 is de- 
scribed below in greater- detail. 
[0031] First, a soft magnetic material fHm is formed on 
the first insulation film 30, and the photoresist 23 is ap- 
plied on the soft magnetic material film. Then, a pattern 
according to the soft magnetic.core.40 is formed on the 



photoresist 23 by exposure and development. Next, the 
soft magnetic material film on the area where is pat- 
terned by etching is removed to form the soft magnetic 
core 40. After the soft magnetic core 40 is formed, re- 

5 maining photoresist which was for the pattern of the soft 
magnetic core 40 is removed, as shown in Fig. 4F. 
[0032] A second insulation film 32 is formed on the 
semiconductor substrate 10 where the soft magnetic 
core 40 is formed, and then a penetrating hole 29 which 

10 is fluidly communicated with the first-put metal forming 
the lower part 22 is formed. Here, near the both ends of 
the soft magnetic core 40 in a length direction, penetrat- 
ing holes 42 are also formed for fluidly communicating 
with the soft magnetic core 40, as shown in Fig. 4G. 

15 [0033] A pattern for the upper part 26 of the magnetic 
field sensing coil 20 is formed on the second insulation 
film 32, and then metal is secondarily put into the pattern 
to form the upper part 26. The process of fabricating the 
upper part 26 will be described in great detail through 

20 the following preferred embodiment. 

[0034] First, a conductive film 25 is formed on the sec- 
ond insulation 32 where the penetrating holes 29, 42 are 
formed, and a photoresist 34 is applied on the conduc- 
tive film 25. Next, patterns corresponding to the upper 

25 part 26 and a soft magnetic core terminal 50 are formed 
on the photoresist 34 by exposure and development, as 
shown in Fig. 4H. 

[0035] Then, in a depression 27 of the pattern of the 
upper part 26 and the depression 42 of the soft magnetic 

30 core terminal 50, metal is second-put, and thereby the 
upper part 26 andthe soft magnetic core terminal 50 are 
formed. At this time, it is preferable that an electrolytic 
plating is used for filling the metal in the patterns of the 
upper part 26 and the soft magnetic core terminal 50. 

35 Accordingly, the metal is integrated in the conductive 
film 25 which is the exposed depressions 27, 42 of the 
pattern, and thereby forming the upper part 26 and the 
soft magnetic core terminal 50. When the upper part 26 
and the soft magnetic core terminal 50 are completely 

40 formed, the photoresist 34 forming the patterns is re- 
moved. Then, the conductive film 25 under the photore- 
sist 34 is removed such that the respective coils of the 
magnetic field sensing coil 26 and the soft magnetic core 
terminal 50 are insulated from each other 

45 [0036] Afterward, a protection film 60 is applied on the 
semiconductor substrate 10 where the upper part 26 is 
formed, and a penetrating hole 61 for fluidly communi- 
cating with the soft magnetic core terminal-50 and a pen- 
etrating hole (not shown) for fluidly communicating with 

so the magnetic field sensing coil20 are formed on the pro- 
tection film 60. Thereby, the fabrication of the magnetic 
field sensor is completed. 

[0037] As described above, the magnetic field sensor 
according to the present invention employs the soft 
55 magnetic core for the exciting coil. Therefore, the mag- 
netic field sensing coil 20 can be formed compactly, hav- 
ing intervals thereof for forming line-width of the current 
integrated circuit, thereby improving the magnetic field 
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sensitivity. Further, since the resistance of the soft mag- 
netic core 40 can be reduced by controlling the shape 
and the thickness of the soft magnetic core, there can 
be provided a magnetic field sensor which is power-sav- 
ing. Additionally, since an aspect ratio of the magnetic 
field sensing coil 20 does not have to be large to in- 
crease the sensitivity and save power consumption, the 
fabrication process becomes simple, also enabling 
mass- production by a semiconductor fabrication proc- 
ess, which causes a lower manufacturing cost. 
[0038] As described above, the magnetic field sensor 
integrated in a semiconductor substrate according to the 
present invention can measure the magnetic field pre- 
cisely with less power consumption. In addition, accord- 
ing to the present invention, a magnetic field sensor can 
be provided in a very small size and with economical in 
manufacturing cost. 

[0039] Additionally, according to the fabrication proc- 
ess of the magnetic field sensor integrated in a semi- 
conductor substrate according to the present invention, 
a magnetic field sensor can measure the magnetic field 
precisely, and can be provided in a very small size and 
economical in manufacturing cost. 
[0040] While the invention has been shown and de- 
scribed with reference to certain preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the scope of the invention 
as defined by the appended claims. 



Claims 

1 . A magnetic field sensor comprising: 

a soft magnetic core formed in a semiconductor 
substrate to construct a closed-magnetic cir- 
cuit; 

a magnetic field sensing coil formed by a metal 
film in a winding structure around the soft mag- 
netic core; and 

a drive line for exciting the soft magnetic core 
by directly applying an electric current thereto. 

2. The magnetic field sensor of claim 1, wherein the 
drive line is formed in a rectangular angle to the 
magnetic field sensing coil. 

3. The magnetic field sensor of claim 1 or 2, wherein 
the drive line is connected to both ends of the soft 
magnetic coFe in a length direction. 

4. The magnetic field sensor of claim 3, wherein the 
length direction of the soft magnetic core is parallel 
to a magnetic field sensing axis. 

5. The magnetic field sensor of any one of claims 1 to 
5, wherein the magnetic field sensing coil is wound 



in a solenoid pattern. 

6. A method for fabricating a magnetic field sensor 
comprising the steps of: 

5 

forming a pattern on a semiconductor sub- 
strate, corresponding to a lower part of the 
magnetic field sensing coil, and forming the 
lower part by first-putting metal into the pattern; 

10 forming a first insulation film on the semicon- 

ductor substrate where the metal is first-put; 
accumulating a soft magnetic material film on 
the first insulation film, and forming a soft mag- 
netic core by patterning and etching; 

15 forming a second insulation film on the semi- 

conductor substrate where the soft magnetic 
core is formed; 

forming on the second insulation film a pene- 
trating hole for fluidty communicating with the 

20 first-put metal forming the lower part, and also 

forming a penetrating hole for flu idly communi- 
cating with the soft magnetic core; 
forming a pattern corresponding to an upper 
part of the magnetic field sensing coil on the 

25 second insulation film, and forming the upper 

part by second-putting metai into the pattern; 
and 

forming a protection film on the semiconductor 
substrate where the metai is second-put. 

30 

7. The method for fabricating a magnetic field sensor 
of claim 6, wherein the method for formimg of the 
lower part of the magnetic field sensing coil com- 
prises the steps of: 

35 

forming an oxide film on the semiconductor 
substrate; 

forming a conductive film on- the oxide film; 
applying a photoresist on the conductive film; 
40 forming a pattern corresponding to a lower part 

of the magnetic field sensing.cotf by exposure 
and devefoprnenfr 

first-puttmg metahtnto an upper part of the sem- 
iconductor substrate such that the metal is filled 
45 in the patterned area; and- 

removing the photoresistremaining after form- 
ing the pattern, and the conductive* fUm which 
is the lower part of, me reniakMng photoresist. 

so 8. The method for fabricating a magnetic field sensor 
of claim 6 or 7, wherein the method for tomingthe: 
soft magnetic core comprises the steps of: 

forming a soft magnetic material film on the first 
55 insulation film; 

applying a photoresist on the soft magnetic ma- 
terial film; 

forming a pattern on the photoresist, corre- 
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spending to the soft magnetic core, by- expo- 
sure and development; 

removing the soft magnetic material film except 
for the patterned area; and 
removing the photoresist remaining after form- 5 
ing the pattern. 

9. The method for fabricating a magnetic field sensor 
of any one of claims 6 to 8, wherein the method for 
forming an upper part of the soft magnetic core 10 
comprises the steps of: 

forming a conductive film on the second insu- 
lation film where the penetrating hole is formed; 
applying a photoresist on the conductive film; 15 
forming a pattern on the photoresist, corre- 
sponding to an upper part of the magnetic field 
sensing coil, by exposure and development; 
second-putting metal to fill in the patterned ar- 
ea; and 20 
removing the photoresist remaining after form- 
ing the pattern and the conductive under the re- 
maining photoresist. 

10. The method for fabricating a magnetic field sensor 25 
of any one of claims 6 to 9, wherein the penetrating 
hole fluidly communicated with the soft magnetic 
core is formed on both ends of the soft magnetic 
core in a length direction. 



11. The method for fabricating a magnetic field sensor 
of claim 10, wherein the length direction of the soft 
magnetic core is formed parallel to a magnetic field 
sensing axis. 

12. The method for fabricating a magnetic field sensor 
of any one of claims 6 to 11 , wherein the magnetic 
field sensing coil is wound in a solenoid pattern. 
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